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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide technique for realizing 
either low cost or transmission characteristic or both, in an optical 
communication system which uses one or more kinds of optical 
fibers. 

SOLUTION: This optical fiber is constituted of a center core 1, a 
stepped core 2 which is provided on the outer circumference of 
the center core and which has a refractive index lower than that of 
the center core 1, and a cladding 7, which is provided on the outer 
circumference of the stepped core 2 and which has a refractive 
index lower than that of the stepped core 2, and that, in the band 
of wavelength in use selected from 1,490-1,625 nm, it has a 
spectrum spread of 7-15 ps/km/nm, Aeff of 60-150 juim2, a 
dispersion slope of 0.09 ps/km/nm2 or less, bending loss of 100 
dB/m or lower, and a cut-off wavelength which essentially 
becomes single-mode propagation. 
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(57) [KM] 

^1^795 2 ^j^±^t£tf ^(S&S^Tg[52 
J: *9 fcl&JffiSfst&cO* 9 > K7 4: 9 . 1 4 9 0 — 1 

6 2 5 n m^bil^$tt5^fflKfi^ : »C*3U>T, 
f&fitt#7 — 1 5 p s/km/nnu Ae f f ri* 6 0 — 1 
5 0/im\ ^ifc^D— z/t^O. 0 9 p s/km/nm" 
WTs ftlffflW5ioodB/mEJlTffc9, a>oHK 
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1 4 9 0-1 6 2 5 nm^?)IR^ix5 
«ffl*«#te*JVNT, tt*5MMW*7--l 5p s/km 
/nm, Aef f^60~150/im\ ^fffc^ u— 
^0. 09ps/km/nm 2 HT, fttf«3fcj&S 1 0 0 

" Tc":£T^^ ST"*io~ 

t^*5V>T, Ae f f^60-l 1 0 Am 2 , ^tfc^ * — 
^0. 08ps/km/nm ! Bm5ItS:#a 

JCjo^T, *^=TSBO^@Srr 1, W« = T«B<0¥a 20 

£\ 

Al^O. 2 5 — 0. 5 5%, 
r2/r.l^i. 5-5. 0 N 

A2/A1^0. 0 2 5i^±t*fooT, ^O-O. 06 
X (r2/rl) +0. 5T*^btlStt^TtfcSr ' 

[»*«5] »#«3lC|E«0#»->:7 h^r-r^ 
fc*5V^, »*5MMt#7--l 1 p s/km/nm, A 30 
e f f & 6 0 — 8 0 m m 2 , ^ifc;* n — 0 . 0 7 p 
s/km/nm J Hm5li«Sit5^7 

[ W*« 6 ] fflf #JS 5 *Cf£«<7>#Sfc ~> 7h3t77^f/< 
Al^O. 4—0. 5% N 

r 2/r 1^3. 5~5. 0, 40 
A2/Al^o. 0 2 5Witfcot, ^O-O. 06 
x (r2/r2) +0. 5 T?** ^5lKTT*fc5 ^ 

[»#*7] «#93i:Bfo»«[v/7 h^r^ 

fc*5l^t\ 1 2-1 5 p s/nm/km. 

Aeff^go — 1 10/zm\ n — 0 . 0 

8 p s/km/nm : ^ma:i:^g(it5M 
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Al^O. 4 — 0. 5%, 
r2/r 1^2. 0 — 4. 0, 

A2/A1^0. 0 2 5£ilT*i)ot, ^0-0. 06 
X (r2/r2) 4-0. 5 T*#:tf> btb^ffiW TtfcS ^ 

0] lt#*9fclE*t©$MfcS/7 hft^r-f 
/<K:*3Vvt\ ^^^TSFBtD^S: r 1 1 % JI]iZ2 T£flCQ 

<7>i£JS#f^M£ A 1 1, Hffl = T«(OJtaBJf*JiSrA 1 
2ibfc^^, 1. 3^rl2/rlU2. 5. A 
11^0. 3%, A 12^0. 5% N (A12-A1 
1) SI. 2% 0. .9SA12Xr 12/rllS 
1. 7tfc5:iS:«F»tmil[^ hft77-f^. 

1] I»**9IC|E*0»*^ H3t7r^ 
✓<K::teV^C* Aef f^7 0-1 0 0 |im\ 5^^^ n 
— ^0.. 0 7ps/km/nm ! »m5:^^ 

2] »3ft35l 1 tClB*0^»v'7 

-tv-qc^^T, K^rao^Mr 1 1 N JIl^TgfS 

OMSrr 12, ^7yK^Ii(af;^Of^n7 
SB<75itfflJf*MS: A 1 1, Jli2^Ta5<Ottffii^H£r A 
12af:i:l, 1. 3Srl2/rll^2. 5. 
A 11^0. 3%, A 12^0. 5%. (A12-A1 
1) Si. 2% x 0. 12/rll^ 
1 . 7T*fc^ ri>o x Al l = aXA2 + btLtfc 

a^rl2/rllOH»cX (rl2/rll-l) 

T*UH> c^l. 5 — 2. 0-Cfc9, 

b^r 12/rll(OBJftO. 4X (rl2/rll) 

+ e -e**ix, e^o-o. 4-efc5wt*4#?aii--5 

✓<fc*3l^-C\ Aeff^90 — 1 5 0 //m\ ^tfc* a 
-7^0. 08ps/km/nm ! aTtfc5:it«f 

[»#qci 4] 3\£mm.<o5*wci/y v%-7r 

^✓^ei^T, ^^^rgp^^ssrr i i, mm^ru 

u<oitmmmm&* 1 1> Ji^r^itgifr^MSrA 

1. 3^rl2/r 11S2. 5, A 1 1 SO. 15 
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%, A 1 2^0. 5%, (A12-A11) SI- 2 
%, 1. 0SA12Xr 12/rllSl. 5t*fc5: 

It*** 1 5 ] !*** 1-14 WiT tifr— WcE* 

j. Q - On0nr j : 

[0 0 0 2] 

ftftttl. 5 5 Mmttifi-C*>9, tt**>&ftERHSi£/IJ 
*5MfcttOlft*Mi^/J^* < ft 5 J: 5.lcR«-**tfc5>1fcS/ 

7h7 7^^ (DSF) ^^^tbTV^o 4*1, 

.03tiS«©Sfeft5***ftOB*»rtfcftv\ «»« 
(WDM) 4tlU ED FA (x;Hfr>AjB|)D3fe 

^l3t¥?M{: J: 3 ea&*{k ^ »«-e # ft v \ 

t**03tiifS 4 >^7AT1t 1530— 1570n mtt 

«>S>;h/C^5o Wx.fi 1 570 — 1625 nmO$EIS^ 
fcftS^V ^OR|»ftif^fT*>ix, 4^1 4 9 0-1 
5 3 0 nmft^^7)^S^ : 0^f^^t)^R^^^^^i6TV^ 

fi* — Ixi- 1490— 1530n mm 7^ S - b a n d % 
1530-1570n C - b a n d N 1 5 7 0 — 

1 6 3 0 nm^L- b a h d iHftftltl^o 
fi, Jtiift^^T 1 AOttffl«*mftt 1490-1625 

[0 0 0 3] fii£&<7>#i»ff2ft^*fi % n 2 /A e f 
f -e**tt6*j»»*Wc.toTSFfflB$ix5. n 2 fi# 

mmvfm, Ae f n±*»=rttffi«TNfe5 0 ^«k» 

3t¥«b*SriS«i-4fc*lctt, *«8S»n2/Ae f 

#<«ftLfci*fc», -/RtaiAe f f srtfcAu 

X #mmjz%c & /h * < i" 5 K**s ft $ ixr # fc D 

[00 0 4] *fflfSA«. Will ^Biff 10-626 
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4 0 *4*«L *f BB¥ 10-2932225 #<k£8ft if fc 

^TA e f £ Sr*«Klt*Lfct><OS:»*U*:. *fc, 
1 - 1 1 9 0 4 5*^«K*5^Ttt, Ae f f 
;t. »»7 d - ^«WSr«ft Lfc»«t->7 
h*77^/^8*Lfc, a-tSc^p-^ifi, 

To--fi-#sHi3iK:m^ 

■^fifeov>T±ftoeai4*'t4^^t;-t-^ o sf c ^ 

nTttftV^ft^»ffl^Sa^$ixfc, V^5NZDS 

[0 0 0 5] B 5 (a) -U5 ( c ) W\ «6*»36£*b 
TV^5^tJcv-^ F)t77^^fe^V^NZDS FlC/B^ 
20 b3hrC^5JBW*SMfrJB4fc (1^5 77^^) <7>#J 
$:/TLtt©T*fe5. (15 (a) fix z2.TJ^ ^-f^ 

iorsui ± 9 t{&/agW^^pg ; l§:^rfP2^S:ft bJxr 

= T 4 tl/t^So It, :(Dn74^)li 

fc s fflrfB«S=iT9S2 ±9 fcttJB*r*0>*7:y K 7 *R 

[0 0 0 6] D5 (b) fi, ir^7>f^7S^)I5T$ 

30 2 1 O^Ji]JifC{g;JSi^^raSG2 2i&sgattbft, ^<7> 
^ra2 2W)|±{c, r(75^ra«P2 2 J: »9 t>fl!JBSf* 

t\ ^omiatpitaTffl 2 1 ±0 fefi«»f*^y v^=« 

Tgfl2 3^Sft^tuT=iT 2 4^^^tlTV>5 0 £<b 
fc^coy y^=i7ffl2 3<7)^_hfc. mjfS^r^^P 2 2 J: 
«9 t>{£ffi#f*£>SS 1 ^7^> K2 5^t£ft<b*U ^<7)^ 1 
K2 5^±i:, :^Ii^7yK25J:n 

J*;JB*f*t?. a>0*jfB* Pfl^ 2 2 «fc 0 fcffilffl»f*^fB 2 

^7s/K2 6dssa:t+??tuT^7 5/ K2 7^^t^n-c^ 
5. as (c) n ov>^m mm) ^s»r*^» 

■ 3 i(D*\»m±\cmm9rm<Dmm^Tm 2t>mrt%thx 

2MWik<D = T 3 4aM»/££*bTV^ 0 *LT, Cico^ 
T 3 4(0^±(d, Buf5Sia = Ta3 2«t9fcig:ffi»f* 
K3 7^Ktt^>tb5^i:t-J: »K ^5yK37 

[0 0 0 7] rtbfc^JB»r*^fl5^ttS:*i-4Be*(0» 
Ht'>7f3t77^^iJftt, ttfflJfi*#»C*5Jt5«*^ 

50 RH-±«-5p]-efc5. *^c, jKft»»ffl[SrAo««c:|9:*L 
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5 

(1. 3SMF) fc»*-&fc>*T\ tbttWffimfctt 

CfcSfcOt, t£3fc#ffl£tLT^5 0 tLt, 1. 5 5 
4t (0flx.fi, »17p s/km/nrngfiS) Sr*i" 

- Kft^ri' /<OIEoK*»ft«t5 r k (c J: o 

[0 0 0 8] U&»u tt^*£ixTV*5$>t*S':7>* 
7r^f^<4iftt, -«Wfc452S»£ LT/B^5fc<£, /h 

^«f^Wg*^tlt^5 0 «iai 5 5 0 nmW 
ifi^*5Jt5tt*»*tt^iiea-ttSr6 p s/km/nm^ 
TtcLfcfcofti?as#< N -coj: p^jKS^«fcffi<^J6*f 20 
fitt^r/J^^ < ^ i: . Ae f fOffi^ir^u-^ 

tf, Ae f f m^LiP^n^^n^ 

K/h*< LJ:5<ht5^Ae f f ^C*l<t5: 

^tfev^^ h3fe^T^^4rfflV^3ti/^-7"A^^J^ s 0flx. 
fif«M«3p6 - l i 6 2 0-S^«^H*$ttTV^5 J: 5 

tCl, ftWuffimyfr? 7 '< (WT. DCF <te§ffi-r^) £ 30 
ft ^ C F ^81 LTtM I fc t (7) tfe ^ 0 CCODC 

[0 0 10] AfrWJ-(i> ^J**ieiHffl3t7r-f 

t ^^SS^StSr^f 5 D C F ^lt5 a * 

»«»»«flt3t7r-f ^< («T. SCDCF^B&Et 

s 0 ) tfmmzft. d cf tmm<om&\zm\<^hthx\s^ 

Z> 0 SCDCFtt»(C«S#fifiii|S:tTP»'&lc:»jgT- 50 
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# £ i: i: fcfc, ftiSWV^^ A±flcx-ttJ3cff5pffl/jij^j 
[0 0 11156, rOi^CDCFStttSCDCF ' 

i. 3 /imfflv/y^/u^ K3t^r-f s<fcm\*^tbti 
"TV o~ HI "5 " Td~ )" "HTT" T 7" "3~S""nT ffl ^3^7u^^*F5^ 

JIt£j£<7) =i T 4 4 £>*WS_btC % r CD^T 4 4 «t «9 fciSH 

JB tff *5M&*tt#*j« * fix v * 5 o 
[0 0 12] 

#1. 3Mmffl^/K-Fl77^/^l. 55 M 
mf{:ftffltS £ x A e f f(180/zm 2 Su^, &Wt* 
n — 7^ii0. 06p s/nmVkm|iIiOff^#^tl 
±JEOi5Cj6f^Kftti 7 p s/km/nm 

^s»JttSi^51:V^5BJB3^ ^ *>ofc 0 DCF^SC 
DCFte, e^a*^— jR^Ti i . 3Mmffli/y^ 
— K3t7r-T^<i:tt:KUT^# < > ^OA e f f . 

[00131 *t 1. 3//mffl^y^-K)t7 7 

•TSi:, Ae f f^*W>*<45fc«>, 

[0 0 14] *«WttlWIE*«t«*T*S*tfctO 
T% lal*>^v^^i2aJ&l±fflv^3tii«-> 
^^A^^^rii. {&=**h{kkBm%F&<D—jjfoz>^ 

ffi&*n&x2z&m*m:m-tz>zk$:mMk-tz> 0 * 

ffWlCJL «flx.(f±i$0<t 5 (-fi£5fEON Z D S FCOA e . 

f f <nteXkftfcxv—7(n&m<DffiSLfrmmxhz> k 

53pJA*:**»i-i: t tte, Ae f fOlt*|:i5#||» 
**»*0»IWte J: o teMtt?r[^i S i£Z> z k &X 

^Sr«#ti-5^i:S:R«i:-*-So *t Sf*. DCF % 
S C D C F ^ffl V ^tz ytmit is* x A \cm V ^ iit V ^tz 
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*77^^«t 5 fc/h* < > ^^DCF^SCDCF^J: 
t5, :tiiP0li:*:t4Ae f f ^^i-^^ 

± * fltfrtrl-sr.- ^^lairT s STd rtffiW 3tt ro - 

[0015] 

fflv>?>titvN5ri7^v'i>r7 p 37i, -*fcfio y > 

tfcSr*i-5t>Ott. JiJfiOJ;5K. ffi3fe, 1 5 5 0 nm 

8*ON Z D S F i 9 t»ft»»«**t < t 

*5±tf**t^J:9 tfcfeSixSAe f f £>Jfc*:£:# 

fc*SV^T*rS»-C*>*t%*fc Q Sfc. -*t*DCF^S 
CDCFtffl^fc^T 1 . 5 5 /xm^COM^lv'T; 
^A(C^V^bttTl/^5 1 . 3 m m/Hv'V'iTVWE— K5fc:7 

K3t 77^^J:HAe f f^Kt^rimn 
fis 1. 3 m mffi^y^- K*77^^^ffiV^:l 

9 fc*»^3t^«!i*Sr/h* < "t"5c k &XZ 
^LfCo ^C-e, **W#6tt. A#fttCfi:f£*<7)NZD 

ofc*#*Ae f f t/h*^«^o-^Sr»5r t S: 
SWtLrttWSrfTofc. •* 40 

[0 0 16] -t LT. *»W#btt, Jt»*>«3r*#* 
»*fc*5WT\ tt*#tt|t«rtt*#*fcfc 7 - l 5 p s 
/km/nmtf^ItlCj:^ «T^l) , 2) 

1) Ae f f Ote^^^»^n--yco{g:®cOiS]i:gr[g3^ 
:^m5NZDSF 0 

2) -jftWftl. 3 /imffl*»m- Kft^r-'f '<<fc 
HAef f «r»*Ufc»»->'7 hft^T-f^o 

85151) OS^ir«ONZ D S FT^Hat't 50 
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f:Ae f f <Olt^t»*^c-^i6:«S:i?5Sti-SCi: 

tt, 1490nmJ:9 fcS^j&SKl^fTl- 

5 G ^(Dtzfr, C-Band, L - B a n d (Dfytj: h 

1\ s-b a n d^*5it***#aeaif3rtBi:ftti, 

&*<DN Z D S F -Ctt#feiX*^ofc*t 

8ul£2) DCFtKttSC 

IT, — jRWttl. 3 /i m/Hv^^/l^E— K3t7 r^f^ 

^*a-C*>*. *fc, Ae f f^&^ntV^fc^, 

/|j:0. 09ps/km/nm 2 KT, 
t£fH- ctotfiO. 07ps/km/nm 2 WTC^f 

[0017] WftlcttElTWJ: 5 fc#**««r«Jfe-r 

5 0 *l<Z>3B93tt, 1 4 9 0-1 6 2 5 nm^bItR^ 
^5ttffl*ft«FK*5VNT, tt*5>»ltdS 7 — i 5 p s/ 
k m/ n m N Ae f f ^'6 0-1 5 0 M m\ ^ifc* n 
— ^ 0 . 09ps/k m/'n m 2 J£t7\ ft tffllffca* 1 
OOdB/mglTtfc^ ^oUfWtW/^-K 
bt7M^tt5I^#®tt5» 

Bff*©lia37»i, KttS = r«fB(0^«J:^Kttfe 
ixfc, K»a = 7»J; 9 fcfiIJr*«)^7 7 Ki^bft 

7 h3t^T >T^^*5V>T, Ae f f^60-l 10/zm 
\ ^SO. 0 8 p s/km/nm 2 ^T^Cfe 

SCtS:»»itS»Ki/7b*77-f^*)5. ft 4 

T N tpi|>=rffi(D^@Sr r 1> BS3 7«^lS:r 

MAI, Wf«=iT»«)JtJB4ff*JI*r A 2 t 
Al^O. 25 — 0. 55%. r2/rl#l. 5 — 
5. 0. A2/A1^0.-0 2 5K±ffeot, ^O- 
0. 06X (r 2/r 1) +0. 5X^^>htl^>i^T 

xhzztz&mk-fzftmisy h^tyr-c^<xh^> 0 

V^T, ftfi4^tfett^7~ lip s/km/nnu Ae f 
f ^6 0 — 8 0 Mm 2 N »»^p-^0. 07ps/ 

77^^t*S. »6<0»Wtt. *5©8W©»lt^7 
h^^T^^^C^o^T. fi^Tffl^^Srr 1, Pg© 
3 78»^)¥g*r 2, ^7S/KS:S2|i|:Lfct#^,t 
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^r^(Ditmmmm^ a i , mwt^T%<DVcm$xmm.* 

A2«lrbfc < k# N A ia*0. 4 — 0. 5%. r2/rl 
#3. 5 — 5. 0, A 2/ A 1/^0. 0 2 5W±t?Jbo 
T, 0 6X (r2/r2) +0. 5"Tr#*lb 

T^iC&l^T, Kf»»Pl2-15ps/nm/ 
km, Ae f f #9 0—1 1 0 m m\ n — ^ 

0. OSps/km/nmHjm^:^^^ 

<Z>JfcJH£f*«& A 2 £ Lfct Al^o. 4-0. 5 

%, r2/rl^2. 0 — 4. 0, A2/A1^0. 0 

2 5^_hT*fcoT, #>0- 0. 06X (r 2/r 2) + 

0. 5 -C*6 & ft5 IHTtfc 5 ^ i: 1 1 

X. *4>=T«fB<0¥««: r 1 1. JB22 = TS»0>¥e*rr 

12. y KtlWi^Lfci #<o*4>=r»<Dtt;JB*r 

All, =i 7«<&*fcJffl£f*HS: A 1 2 t Lfe 
1. 3^r 12/r 11^2. 5, A 11 ^ 

0 . 3 %, A 1 2 > 0 . 5 %, (A 1 2- A 1 1) ^ 

1. 2%. 0. 9^A12Xr 12/r 11^1. 7f 30 
fc^r fcSr#«ti-S»»v'7 h»7r>f^tfc5. IS 

1 lOJBHtt, m 9 <D&W<DftWtis7 h*7 7^^*3 
l^T, Aeff/^70 — 100/zm\ n— 

0. 07ps/km/nmH;m^:^#att 
5»>7h*7r^^fc^ Il2(D^{i |gl 

l o«S©d»'>7 b3t^ 7 T^>'^tc:fcv>T, ^'L^Tffl 

r 1 1 N JHiZ2 = TU<D*&& r 1 2 , ^ 5 * K 
*r»!|l»cLfci:#^*^=ir»«>Jt:JB»f*JI«r A i 1. 
«ia = T(BOtbH»r**SrA 1 2 t Lfct*. 1- 3S 
rl2/rlU2. 5, A 1 1^0. 3%. A 1 2 > 40 
0 . 5 %, ( A 1 2 - A 1 1 ) ^ 1 . 2 %, 0 . 9 ^ A 
12Xrl2/r 11S1. 7 trfc «9 , ^o, A 1 1 = 
axA2+btlfcit> a^rl2/rllOHSc 
X ( r 1 2/r 1 1 - 1) T-mZtl, c # 1 . 5-2. 
0T-fc«9, b^r 1 2/r 1 l^HSO. 4X (rl2 
/rll) +et$JH, e^O — 0. 4t'fc6:^ 
*a^t5»»v'7b3fe77^^fe6 0 *I30*M 
f*. $9^^^ h)t7 7^^m^, Ae 
f f^9 0-1 5 0/im\ ^d-/^0. 08 p 
s / k m/n m ; OTtfe^I t *>7 50 
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1 1> jgffl=iTffl$<7>¥-&S: r 1 2, ^7 3/ KSrSSp^U 
fcir#o^^ = rSS^«:JS«f^Sr A 1 1, jgi2=iTffl 
^ttfflJr*HS:A12tLfci:#, 1- 3^rl2/r 
11^2. 5. A 11^0. 15%, A12>0. 5 
%, (A12-A11) SI. 2%, 1. 0SA12X 
rl2/rll£l. 5tfc5rt^ait^tv' 
7 h#:7 7 *f ^1 5^3PJm, ^ l-l 40 

[0018] 

[»W<oltlfe^»lB] :o»Ki/7h*77^^oftffl 

^S^ils 1 4 9 0 — 1 6 2 5 nmOtfifflT&^fflS^iS 

^, 011 X_ til 530—1570 nmOC-B a n d 
1530 — 1600 nraOj; 9 L - B a n d CO—^CO 

[0 0 19] «6ffliR*»l2:*5»t5**»1lt«[«:7 — l 5 

p s / k m/n m £ £tL£o 7 — 12p s/k m/ n m 
^©SHK&V^Tte. «ONZDSFJ;nM^#tt 

S*^)NZDSFJ;9 

tfS££>U:31£Ltc< <^9, ifc, Ae f f*^:^ 

M*T#J "^/c, 1 2 — 1 5 p s/km/nmCD$£ 
Htdjo^Tfi, 1. 3 m mffl ->^^/«- K* 7 7 ^ 

Mft 1 . 3 m mfflv'^A^E— K*77^^<fc 9 t>^*r 
Ae f fSr«:*t5-t^-e#, 

»«(o«A^fefc<r*ij-efc*. 

[0 0 2 0] Ae f f ttWT^S^kJfcftfcftafcO"? 
[0 0 2 1] 

12 



Aeff= 



2^{j Q D °alE(a)| 2 daf 
J 0 °°a|E(a)| 4 da 



[0 0 2 2] -o^gti^ Y%yr<<'<\^ls^x. 

Jgft^tCjottSA e f fli6 0- 150m m 2 t $tt 
5o 150/im : S::t5t*7 h^"7^S^g< & 



( 

11 

S 0 6 0 M m 3 **0»*tt-J»W*m**S^JB*f 

ftV> 0 »*L<ttw<D*tttSH<OTR<il[3SS6 5 jum\ 
S b L < tt 7 0 M m* \cmi£~fZ> t > 

[0 0 2 3] «ffljftJHBffc*»tS»1fc^a-rtt, Jb3£ 

^ttO. 09ps/km/nm 2 
ElTJ^l<li0. 08ps/km/nmH;T, £ 
£>fc:#*L< te:0. 0 7p s/km/nm : i^TH^. 
/h*V^Sr^t5wt^t^5 o o. 09ps/km 
/nm^a^-M4l. 5 5/im»»i/7b* 

[0 0 2 4] ft»f«ife»4, ttffl«*#lC*5VN.Tftlf|tS 
(2R) ^2 0mm^f^«?r^n<?)tt5e ft If 

lOOdB/mgT, L< f4 4 0 d B/mtTFt £ 

tl5 0 *»WlCf4 0. ldB/m£(±^Idq#bttSo 

x- htizm^te ft d5 9 * if *c «fc o Tig jfe*m§£ b^i" 

[0 0 2 5] ftfc, *3BW04>tk*>7 Y%7T 4 

. a*^*yh*7*«tt, C 

CITT02mfe (^T2mSHfif) <fc £ o 

[0 0 2 6] Lfc^ot, *I^^tv/7b3t7 7^ 
✓<l£*5V^T* 2m?it*M$tl5^7ft7M(l 5) 

2mfetC*3ttS* y h^-7J6*^S 1 . 8jxm 
tfco.Tt, 5 0 0 OmSSHlOft^^ttffi-Cfcn 

[0 0 2 7] *3S9JO#»v':7 h*7 7^^IJf*» 
»»j;fa7/l/:/x^7 P ^7S^O I) >^2lg 

1. Il^PI (T^7^yx-Y/^7S) 
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0^7* K7 fca*fe#j**ixT^'a. SME^artti • 
tt*fc*^ffiW**«;iT^S 0 ttjfepgg:^T^2f^- 
^37»l i «9 ttelWtfe^ 4*:, ^ 7 y K 

rl, r2te, -tix^ix, "Pfc3 7»l <!: BIS- = T «FB 2 

JB*f*SrS«^ Lfci: =T 88 l <0J*Jffl*r*S6& 

ID" "Bfk'^T 852 * Ttffiff^M^^C T v Vl>; " 
[0 0 2 8] roWc&^T, ffJx.tf*'l> = T«Bl i:W 

7tt^£#9*a»fe*JSS*LTi^S. *fc, 

b*7r^^oJB«*»*»*fc*JV^tt, [Hi 
(c^LfcJ; 5l-*Ji (*£> = T<BL »aa7»2, ^ 
5y K7) ©#*a*91flfeTtt:*< s *L*«r*K*fc* 
*S/£*t*4lSfc*fcll4:45«^*4fds*v%*s % X3bM 

20 4:^-c#*tii4*{c:BaJHtt*v\ 

[0 0 2 9].ft*5. :^10»^>7h*77^ 
/^CfcV^tli, Ae f f li^ 6 0 ~ 1 1 0 fi m 2 <D$aW 

»*Sr»»J1-5r 5, 4fc^ CL<7>3? 1 O#jco# 

^^0. 08ps/km/nm 2 ^TJ}JL<(i0. 
0 7 p s/km/nm 2 l^T^t5:^:^t#6o 
[0 0 3 0] *»W05J-tS:^7 h*77>f^i: ltO# 

30 fcfc^Tf*. Al. A2 N rl, r 2tV^5 4oO»5l 

^4 AKiO. 25 — 0. 5 5%££2x£ 0 O. 

2 5 % J; 0 fc/h£^i. ft If ****** < 
»-e»4*V\ *fc, Fifl^fiMI (1 5 p s/nm 
/km) WTICfllX.5r t^HSttttSo — 0. 5 
5%J: *) t>*#V^, Ae f f &-\-ft\Z.&±i-Z>-t& 
B«i46„ r2/rl tt 1 . 5- 

5. 0. #SU<tt2. 0 — 5. Oir^n^o 1- 5± 

40 1. 3 Mmffli/y^- K^t^r-r^^irlRlS^o^tt 

5. 0£rx.5i:, ^ 

[0 0 3 1 ] 4/:, A 2 tex r2/r ltOBSftlCio 
X, *»4 9JEV^»SH36««F**ixa o r 2/r 
l^HA 2^>ffiSr^:# <-T*j6&!I* s *)9, r2/rl^ 
*#V^.^4A 2S:/hS<-r5^S35 s fc«>o ^rLT^b 

50 0 . 0 2 5^i\2/A 1^-0. 06X ( r 2 / r 1 ) 
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+ 0.5 

A 2/A 1 ^0. 0 2 5 «t 0 fc/h£v>*&tttttfa*«r 
+^/hJ<t5ri:^t^^\ -o. 06x ( r 2 
/rl) +0. 5©«J: 9 fc** v>*^tt*y 

#ttSrSS^:i-r 1 , r2, Al, A2 0 4O(^fti|^7 

[0 0 3 21 4*5, ro^v'^ hjte^r-f'^**^ 

-tr^-iMS" 5-~-2-5-M-m-<7>©H-i 4-ST"*-fcr"^"9 S^K TO' 
7 (»»v'7HS77^<) *>*«tt, if»12 5/z 

[0 0 3 3] rcoii(7)^S5:v'7 hTt^r-r 

DSF £<9 tft»4»tttft5ii:*-e*5tfl5i, * 
tCl. 3 m mfflv/y^l/*- K3fc77'f 9 fcft»4 

1. 1 Aef fOKi^p^ffig^SSL 
/cNZDSF 20 
wCDgrgSL 85^ttt*7~l 1 p s/km/nmCD 

I (6p s/km/nm^T) «£ 9 t^^<t5r^C 
±9. Ae f f (Dte^i^ffc^u— 7(Di&mt:mSCi-Z> 
i4:dt-e*5 0 4fc\ roj:5K:*«5MRII«rjEiM»« 

^ -o^f^>:7 ^y^-^^Tte, a e f f Sr 

60-80/im\ n 0 . 0 7 p s / k m 
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¥S**Sr«*<Z>N Z D S F £ m%f&.±\z%)ffl-tZ> :t^s 

^r^'^ifc^Tte, Al£0. 4 — 0. 5%. r2/ 
rU3. 5 — 5. 0, A2/Al£0. 0 2 5«±t 
fooT, 7^o-0. 06X (r 2/r 2) + 0. 5 "C* 

"[ O D" 3 4l -r."2---^W^7 
-K*77>f/<J:9 fcAe f f hft 

1 2-1 5 p s/nm/kml: 
^t^o Aef fSr90-110/im\ 

^tfc^P— ^$r0. 0 8 p s/km/nm 2 J^Ttt^) 

:im> — jftWfc l . 3 ju mfflv-v^^e— K^t^ 

fi, Al£r0. 4 — 0. 5%, r 2/r lSr2. 0- 
4. 0;A2/A1^0. 0 2 5K±tfcot, ^O- 
0. 06x (r2/r2) +0. 5 T#i?> k;h,£>*£«T 

[0 0 3 5l«ifl w^iSttftfrtrMJSrs^lfcS/ 
7 h 3t 7 r ^ y^co A«cW4»H-W(0«3S^^7 ^ — * £ 4# 
tttt^Lfcv^ =. L — i^a>tt*-efcS 0 -4*5, Wife 
8Sttl 5 5 0 nmt'fc5„ Acli^yh^^ift 

MFDtt*- K7^-;i/Kgt-fc5o v^iifeJiifi 
(OAe f f , $Mft*n-:7\ &fi£Mfcfu fttf«3fc, * 

[0 0 3 6] 
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A1 
[%] 


A2 
1%) 


r2/ 
rl 


r2 

[um] 


[um] 


Aeff 
at 1550nm 
Ti im 2 l 


mi U 

at 1 SSHnm 
at 1 sJ^juj 1111 

Ti iml 


ax j Dounm 

I Mo/ Kill/ rinlj 


1 cent- 
al iDoUnm 

[ps/km/nm 2 ] 


ffitfH at 
20 <£ 1 550nm 
[dB/m] 


1 


0.50 


0 07 




1 


1 ^"3 


0o.4l 


9.25 


8.50 


0.061 


6.1 


2 


0.48 


no7 




1 /l OQ 




AC? Q1 

DO.bl 


9.41 


9.63 


0.060 


5.9 


3 


0.45 


o 07 


.J.VJ 


<J. 1 J 


1 CI 

1 .0 1 




9.75 


10.22 


0.061 


11.9 


4 


0.45 


fi 07 


O.ZJ 






71 OO 


9.82 


10.15 


0.067 


17.4 j 


*j 




vj-UO 


>i n 


1 1 CR"7 


i on 


73.70 


9.98 


9.97 


0.067 


12.6 




0 AS 




O.D 


1 1 OQ 
I I. /CO 


1 .4o 


70.28 


9.72 


11.85 


0.063 


2.5 


7 






O.O 


1 1 


I .Dl 


72.31 


9.86 


11,93 


0.064 


2.3 


Q 
O 




n in 
U. 1 U 




I I. J U 


1 .57 


74.55 


10.02 


12.21 


0.065 


... 2..1 




U.*4U 


U.Uo 


"O'fY" 

o.U 


10. f 4 


1 .21 


70.63 


9.68 


14.23 


0.060 


5.7 


1 n 




U-UD 


O.U 


1 8.39 


1 .41 


74.99 


9.98 


14.12 


0.059 


7.4 


11 


0.40 


0.1 1 


2.0 


5.88 


1.14 


75.64 


10.12 




U.UO<4 


1 9.9 


12 


0.40 


0.07 


4.0 


14.76 


1.57 


79.13 


10.27 


13.87 


0.060 


4.8 


13 


0.40 


0.09 


2.5 


8.05 


1.27 


79.20 


10.33 


14.13 


0.066 


9.7 


14 


0.40 


0.11 


3.0 


9.82 


1.52 


87.66 


10.88 


14.25 


0.068 


7.1 


15 


0.40 


0.13 


2.8 


8.74 


1.49 


92.42 


11.18 


14.89 


0.069 


8.4 


16 


0.45 


0.17 


3.5 


8.81 


1.68 


101.45 


11.67 


14.80 


0.074 


6.7 



[0037] 2. jg2co#ij (oyy^i) 

cd^>l^t^3 1 <v^m±.^mmi?fm<Dmm^T^3 2 
tmvbthT 2 mm^(D^ 7 3 4tm&£tbx\s^z> 0 

LT. rconr 3 4^11:, ffijf£Mli22^TS{5 3 2 J: 
K3 7 &<StbX 3 ««3tOIHS^JfflW*^»tt 
[0 0 3 8] ~<Dm^^^X s ffl7L&^>L^7%$3 1 

^tfy*,.-?? y K3 7 ttM^i/^ ^^bf^^tt 
i: UTO»ttdS»fettTV^tf, B9 3 ^ Lfc J: o Ic. 

*s (**i>3r«B3 i , mm^r^3 2 N ^^^K3 
[oo39] i4(i ovisymnmmmftmMvt&m 40 

1 0 d B/mJc:— S«c:«ofc«IB-e«*»»ffl[ 
Sr»kStfcttOAe f f t^tfc^n-^co^kSr^ 
L/:^7 7T'fc5 0 :^^7 ^^C^o^/^T, Aef fit 

Oyy^i^fixl^^t, 15.ps/km/nm 

1 0 p s/km/nmfrfit'A e f f ^AftlCM 50 



'>LT^5o 4*5, **»**d«*#<, Aef 
#Vn«H (**>a, Olj V^M^C*3V^T, -frix^tbl 5 
p s/km/nm{^s 1 0 p s/km/nmlffii: 9 

(0 0 4 01 ::t; SIM»i0ps/km/ n 

m(7)^Ae f f t^n-Zoi/^int, 
O V y^IOA e f f li, »fti©A e f f ^ 58/i 

V\ — ^ »(*ffi05>tk^i3— ^S»0. 0 5 8 ps/ 
km/nm 2 t$)5(7)(:Mlt, Olly^i^ft^n 
ta ^i0. 0 6 8 p s/km/nm 2 T'fcD, 

v\ ro<t# N oyy^itt, iiinJtitAe f f 

ctoT. Oyy^t^^^lC^it^, Aeff 
dtS[^ J < 45 too, Ae f f Oti^D 

^SM^iS^, Ae f fCOte^:, ^tfc^n-^OiS®^ 

[004 1] tt Aef f^80/i m 2 (Dm&<DftWt 

^ym&. mmmkitm^x, »m^u—^^^ 
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TfcSdS, Oy >^ffifc*5V^Ttt, Ae f f 

[0 0 4 2] :0»2©fl^«[i/7h*7T< 
^<te*5V^, ftft^*«, Ae f f % #tfc*a-:7\ # 

h^-^iSft^Jf* LV^»ttSr»5fc»tCtt, All, 
A 12, rll, r 1 2 4 00«S^7^- 9 

rl2/rllttl. 3 — 2. 5<b£ix£ 0 C OftlS^ 

ix mm is> ?)\>=t- K5t 7 r >f ^ i: PmStOEM* 
§:tmi^ fl AllliO. 3%«Ti:Jtl5o 

o. 3%£y h±%^^t. mmm<DmffimftftMmzi5. 

<5<fcfc % Ae f i&+ft\ztikl;1rz>ztl>mmkte 
6 0 A12|j:0. 5%J^_L, A12-Allttl. 2% 

fc* 0. 9SA12Xrl2/rll^l. 7<£>KH££ 

5^£*s-C*ftv\, 1. 7Srri5tAef foffiW? 
ttS:«fctr 1 1, r 1 2, All, A 1 2 CO 4 ocofH 

[0 0 4 3] /^jb\ :^tV7 b3t^r^^tcjoU> 

T, r 1 2, i-**>*,3T<0*att1*^ia£-*-5r itt 



(10) ffl2 0 0 1 - 1 4 7 3 3 8 
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3 7 h*7r^^<) (Dftm*. Ifffil 2 5 

[0 0 4 4] Sfcfcl,- rOJB2 0«0^«ki/7 H3t^T 
-Y^fcljo^T, A e f f & 7 0 ~ 1 0 0 v m 2 T\ 
^^o — ^0. 07 ps/km/nm 2 £AT£^5" 
«FttS:»5fcft»C«:, _L*BcD r 1 2/ r 1 1 , All, 
A12, A12-A11, Al2Xr 12/rll <7}|& 

m&mzmsL-tzk 1 tKi, «Tojfcft*r}«ai-*j:? 

fcR*"*"Si:»* L^\, All=a.XA2 + btlfct 
TO r^Ti"'27rT Ttf>g3$Tc x "(TTIZFTT-" 
1) T^SttStl. c&l. 5-2. Otfc^ bri*r 1 2 
/r 1 ICHStO. 4X (r 1 2/r 1 l) +eT?*£ 
iX, e^0~0. 4-CfcSo 

[0045] $^>{C, Aef f^9 0- 1 5 0 M m 
2 T\ ^^O^tfc^ n— ^S0. 0 8 p s /k m/n m 2 

«t 5 / ~ 9 Znfe-t Z t #4 LV\ 

1. 3^rl2/r 11^2. 5 
A 1 1 < 0 . 1 5 % 
20 A 1 2 ^ 0 . 5 % 

(A12-A11) ^1. 2% 
1. 0^A12Xr 12/r 1 1^1. 5 

[0 0 4 6] *2(t r<D±5**#&i»S1-«*2<D 

ft*5 x ffi^&Att 1 5 5 0 nmT*fe5o ^i*ixt>_by$£> 
Ae f f, #ffc*n-7\ jftft^fcft, tt*f«*. 

30 [0 0 4 7] 
[^2] 





A1 


A2 


r2 


r2 




Aeff 


MFD 






ffitfffl at 




[%] 


[%] 


/ 


[um] 


as 


at 1 550nm 


at 1 550nm 


at 1 550nm 


at 1550nm 


20 <£ 1550nm 








n 




[pm] 


turn 2 ] 


[um] 


[ps/km/nm] 


[ps/km/nm 2 ] 


[dB/m] 


1 


0.00 


0.90 


1.5 


3.50 


1.42 


85.5 


9.1 


7.70 


0.074 


L 2.3 


2 


0.00 


0.70 


1.8 


2.95 


1.15 


74.5 


9.4 


&70 


0.065 


26.6 


3 


-0.05 


0.95 


1.3 


4.00 


1.42 


127.6 


10.4 


10.80 


0.079 


68.4 


4 


-0.05 


0.80 


1.5 


4.00 


1.50 


106.8 


9.6 


. 10.37 


0.077 


7.8 


5 


-0.08 


0.85 


1.6 


4.00 


1.50 


103.5 


9.5 


10.44 


0.076 


5.4 


6 


-0.10 


0.60 


1.8 


4.25 


1.49 


110.7 


10.0 


12.43 


0.072 


11.2 


7 


-0.05 


0.65 


1.7 


4.00 


1.44 


103.2 


9.9 


12.36 


0.072 


10.3 



[oo4 8] mi<om^i,m2<om<r)^wc.'>7 vyty 

[0 04 9] 



14, VAD$^l\ ^ 1 lc;f:LfctS;^#^- 1 , 5COSS 

TI4, 1 4 9 0~ 1 6 2 5 n mOffiH^biSS^iXTtC 
— b a n d (CLio^T, +7~+l 1 p s/km/nm© 

lx££ixT<^3/cto, S-b a n d UltJ^T <D 
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ftWtXv-y'&'bZ^IZlto* L-B a n dlC*5*t5«[* 
ADS^ffl^\ mi fd*LfcK»#*l 4. 16coi£f+ 

- Tf^C-— b-a-n- d-)- ^*D V^=r~ -l-—-3-M-mffl S^-^Vu-t- 
— Kft^r-f ^<fc 9 + l 2-1 5 p s/km/ 
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M&teV^CttC- band) fcl&^T, 4- 7~ + lip 
s/nm/kmORIMPIW:,' 19, t6 

LfCo -^colS^:, Ae f fSrl. 3 u uim^^^^^e— 

ffi£r l . 3 m mffl^>^/u^e- K^t^r-f H 3 0 

[0 0 5 0] 
[*3] 



[0 0 5 1 ] 
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Aeff 
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at 1550nm 


at 1 550nm 


at 20cp t 
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[ps/km/nm] 


[ps/km/nm 2 ] 
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turn] 






[dB/m] 






1 (»1) 


1.41 


65.3 


9.39 


8.21 


0.061 


5.2 
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1.48 


72.1 


9.86 


9.85 


0.061 


8.5 
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at 


at 1550nm 


at 1 550nm 


at 20cp, 




[um] 


1550nm 


1 550nm 


[ps/km/nm] 


[ps/km/nm 2 ] 


1 550nm 
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[um] 






[dB/m] 




1.47 


89.5 


11.00 


14.01 


0.067 


6.4 
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1.52 


104.2 


11.83 


14.60 


0.074 


6.1 
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um 




Aeff 


MFD 












at 
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at 1 550nm 


at 1 550nm 


at 20q>, 




[um] 


1 550nm 


1 550nm 


[ps/km/nm] 


[ps/km/nm 2 ] 


1 550nm 






[um 2 ] 


[um] 






[dB/m] 


1 (S2) 


1.38 


86.1 


9.13 


7.80 


0.073 


2.1 



[0 0 5 3] 



1^6] 







Aeff 


MFD 






mm 




as 


at 


at 


at 1 550nm 


at 1 550nm 


at 20cp, 




[um] 


1 550nm 


1 550nm 


[ps/km/nm] 


[ps/km/nm 2 ] 


1 550nm 






[um 2 ] 


[um] 






[dB/m] 


4 m 2) 


1.48 


106.4 


9.55 


10.43 


0.077 


6.5 



[0 0 5 4] ~(D£?\Z^ miK^ i Lm2<nm<Dft%L^ 

7 hft-yrJ s<l*. 1 4 9 0-1 6 2 5^mH8WJ 

DC FfeS^fiSCDCF irSa^^^-frfc^tiift^^^ 
Alc:tevn\ — Jftttft l . 3 m mflh»*Oi^E" Kft:7 
/-f^SrffifflLfcS^titRUTDCF&S^liSCD 



ZZtctb. s^s<y— m-^3t^e^-»3@T-fc6 0 4 
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21 22 

[0 0 5 5] 5 0 

1490-1625 mn**e>»RSix5«ffl«*»tc:fc tto«t/TLfcH-efc5. 

tf5Sft$MMia s — JRW*l. 3 az mffl is is If — K [[U4] oy >^®OJBW*»*JB*tS:*-r53fe^r 

1. 3 Mmffli/y^- K3t7 7^ ^Srftffl Lfc»* »*«*«ftS*ti:#«)Ae f ft^n-^f 

ttt8LTDCFfc5^liSCDCF^fflfiJ*S< ffc*r*-Ufc^77-Cfc5 0 

t5^tW5„ is**rJ±<D=i* h&l&m [15] 15 (a) —ID 5 (c) 13. '&%:<Dft%Li/7 

5 0 *te, ^/hsv^fcft, si^ie^^ [Be] mi<omto&iBLf7 h*77^^«5*« 

5fc£>, KatWcftMBi-^tflUS^^^ — *<D&tf'pt£ [17] 1 co^jco^^i/^ hjte7r^'<fc>KSftii<0 

S- [18] «2 0«0»1R^7 h*7r^^t«5*l|[ 
[11] &&W<Dft1&is7 hft7 7^'<<omttm#1f5 20 [19] *2^>0(|O^|f:^7 hft^r^'^c-CRSffeo 

r^IlOfiJ (7^7^7x^^7i) £^Lfcl *ttmiSM/Ttfc^77t&5o 

[12] ^jsw^jj-llt^^ h3t^T-f/<co^2(^0ij i, 3 i -••^L^rgR, 2 ■••*»"= t«b. 4. 34-3 
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